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Major depressive disorder and current psychological distress
moderate the effect of polygenic risk for obesity on body
mass index
T-K Clarke1, LS Hall1, AM Fernandez-Pujals1, DJ MacIntyre1, P Thomson2,3,4, C Hayward2,3, BH Smith5, S Padmanabhan6, LJ Hocking7,
IJ Deary4,8, DJ Porteous3,4 and AM McIntosh1,4
Major depressive disorder (MDD) and obesity are frequently co-morbid and this correlation is partly due to genetic factors.
Although speciﬁc genetic risk variants are associated with body mass index (BMI) and with larger effect sizes in depressed
individuals, the genetic overlap and interaction with depression has not been addressed using whole-genome data. Polygenic
proﬁle scores for MDD and BMI were created in 13 921 members of Generation Scotland: the Scottish Family Health Study and
tested for their association with BMI, MDD, neuroticism and scores on the General Health Questionnaire (GHQ) (current
psychological distress). The association between BMI polygenic proﬁle scores and BMI was tested ﬁtting GHQ, neuroticism or MDD
status as an interaction term to test for a moderating effect of mood disorder. BMI polygenic proﬁle scores were not associated with
lifetime MDD status or neuroticism although a signiﬁcant positive association with GHQ scores was found (P= 0.0001, β= 0.034,
r2 = 0.001). Polygenic risk for MDD was not associated with BMI. A signiﬁcant interaction between BMI polygenic proﬁle scores and
MDD (P= 0.0003, β= 0.064), GHQ (P= 0.0005, β= 0.027) and neuroticism (P= 0.003, β= 0.023) was found when BMI was the
dependent variable. The effect of BMI-increasing alleles was greater in those with MDD, high neuroticism or current psychological
distress. MDD, neuroticism and current psychological distress amplify the effect of BMI polygenic proﬁle scores on BMI. Depressed
individuals with a greater polygenic load for obesity are at greater risk of becoming obese than control individuals.
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INTRODUCTION
Major depressive disorder (MDD) is the second-leading cause of
disability worldwide.1 Part of this disability may be attributed to
physical co-morbidities that are common to MDD, such as being
overweight or obese.2 Longitudinal studies show baseline obesity
increases risk for MDD (odds ratio = 1.55, 95% conﬁdence
interval = 1.22–1.98) and that that MDD increases the odds for
developing obesity (odds ratio = 1.58; 95% conﬁdence interval =
1.33–1.87).3 One large epidemiological study found that increased
risk for obesity is conﬁned to atypical depression, a subtype of
MDD characterized by increased appetite and hypersomnia.4
Other studies have found an increased risk of past-month MDD
among obese females or individuals with severe obesity (body
mass index (BMI) ⩾ 40).5 The reciprocal relationship between
obesity and certain subtypes of MDD is not well understood. MDD
may arise as a consequence of health problems that accompany
obesity or increased appetite may be a symptom of mood
disorders.
Obesity and MDD appear to share a common genetic
architecture, that is, genetic variants that increase risk for obesity
also associate with MDD. Genetic variants in the fat-mass- and
obesity-associated FTO gene are associated with MDD. A single-
nucleotide polymorphism (SNP) in FTO (rs9939609) that explains
0.34% of the variance in obesity6 was found to confer protection
against MDD in 6561 depression cases and 21 932 controls.7
However, the rs9939609 A allele was found to increase risk for
MDD in an independent sample of 1544 cases and 2806 controls,
although after adjustment for BMI this was no longer signiﬁcant. A
signiﬁcant association was detected between rs9939609 and the
atypical subtype of MDD in this sample.8 MDD has been shown to
amplify the effect of obesity-related genetic variants on BMI. An
analysis of 88 SNPs in the FTO gene in two independent samples
comprising 3734 MDD cases and 1499 controls found consistent
evidence that MDD moderates the effect of FTO risk variants on
BMI.9
The genetic overlap between MDD and obesity/BMI is likely to
extend beyond the FTO gene. Variation in BMI has a genetic basis
with heritability estimates in the range of 40–70%.10,11 A large
genome-wide association study (GWAS) of BMI found 32 loci to be
associated at a genome-wide signiﬁcant level. These 32 loci were
found to explain 1.45% of the phenotypic variance in BMI, which is
consistent with a polygenic inheritance pattern.6 The heritability
of MDD has been estimated to be 37%12 with 21% of the variance
explained by common genetic factors, also suggesting polygenic
disease architecture.13 Twin studies in female twin pairs have
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estimated that 12% of the genetic component of depression is
shared with obesity.14
The aim of this study was to assess whether BMI and MDD have
an overlapping polygenic architecture using polygenic proﬁle
scores.15 This was explored in a large population-based cohort:
Generation Scotland: the Scottish Family Health Study (GS:
SFHS).16,17 As MDD has been shown to moderate the effect of
FTO variants on BMI, we hypothesized that the association
between BMI polygenic proﬁle scores and BMI would be
moderated by the presence of MDD. We also tested whether this
extended to current psychological distress or neuroticism by using
scores on the General Health Questionnaire (GHQ-28)18 and the
Eysenck personality questionnaire for neuroticism,19 as these traits
are heritable and genetically correlated with MDD in this sample
(rG neuroticism= 0.58, rG GHQ=0.7).20 Furthermore, there is a
strong association between neuroticism and depression, and
longitudinal studies have found that high premorbid neuroticism
is a risk factor for depression.21,22
MATERIALS AND METHODS
Sample
Generation Scotland: The Scottish Family Health Study. GS:SFHS is a family-
based population cohort recruited at random from general practitioners'
practices throughout Scotland; the protocol for recruitment is described in
detail elsewhere.16,17 The full cohort consists of 23 690 individuals who
were over 18 years of age at the time of recruitment and 21 516 of these
attended the research clinic. The present study includes 13 921 individuals
for whom genome-wide genotype data were available. Demographic
information on these individuals is provided in Table 1. MDD was
diagnosed using the structured clinical interview for the Diagnostic and
Statistical Manual of Mental Disorders (SCID).23 A brief screening
questionnaire was administered to participants to screen for MDD.
Participants were asked “Have you ever seen anybody for emotional or
psychiatric problems?” and “Was there ever a time when you, or someone
else, thought you should see someone because of the way you were
feeling or acting?” If they answered yes to either of these questions (21.7%
screened positive), they were asked to complete the SCID.19 If they
answered no to both of these questions, they were assigned control status.
Answers to the SCID provided information on the presence or absence of a
lifetime history of MDD, age of onset and number of depressive episodes.
Those who completed the SCID but did not meet the criteria for MDD were
also deﬁned as controls.
Individuals with a diagnosis of bipolar disorder were removed from this
study. The GHQ (GHQ-28)18 was completed by 13 715 of the genotyped
individuals providing a measure of current psychological distress. The
GHQ-28 consists of four subscales designed to assess: (A) somatic
symptoms, (B) anxiety and insomnia, (C) social dysfunction and (D) ‘severe
depression’. The Eysenck personality questionnaire was completed by
13 838 of the genotyped individuals providing a measure of neuroticism.
BMI was calculated using height (cm) and weight (kg) measured by trained
clinical staff and was available for 13 827 individuals. All components of GS:
SFHS have received ethical approval from the NHS Tayside Committee on
Medical Research Ethics (REC Reference Number: 05/S1401/89). Written
consent for the use of data was obtained from all participants.
Genotyping and polygenic proﬁling. Blood samples were obtained using
standard operating procedures and subsequently stored at the Wellcome
Trust Clinical Research Facility Genetics Core (www.wtcrf.ed.ac.uk). Samples
were genotyped using the Illumina HumanOmniExpressExome-8v1.0
BeadChip and Inﬁnum chemistry24 and processed using the IlluminaGe-
nomeStudio Analysis software v2011.1 (Illumina, San Diego, CA, USA). The
details of blood collection and DNA extraction are provided elsewhere.17
Quality control on raw genotypes removed individuals with an overall
genotyping rate of o99%, SNPs with a minor allele frequency o1%, call
rate o99% or a signiﬁcant deviation from the Hardy–Weinberg
equilibrium (P⩾ 1× 10− 6) in founder individuals. Multidimensional scaling
components were created according to the ENIGMA 1000 genomes
protocol25 in the software package PLINK.26 Four GS:SFHS population
outliers were removed and four multidimensional scaling components
were used to correct for population stratiﬁcation in the remaining
individuals.
Polygenic proﬁle scores were created in PLINK26 according to previously
described protocols.15 Prior to creating scores, all strand-ambiguous SNPs
were removed from the GS:SFHS data set and SNPs were linkage
disequilibrium pruned using clump-based pruning (r2 = 0.25, 300 kb
window). Polygenic proﬁle scores for BMI were calculated using summary
data from a GWAS of BMI in 123 865 individuals.6 Each BMI-increasing
allele was ascribed a weight of ‘1’, as the effect sizes for the SNP–BMI
associations are not publically available. Polygenic proﬁle scores for MDD
were created using summary data from the largest available GWAS of MDD
to date comprising 9240 MDD cases and 9519 controls.27 Dudbridge
estimated that for a trait with a heritability of 44%, 1978 cases and 1978
controls in a training set would provide 80% power to detect association
with the same trait in an independent replication sample.28 As both the
MDD and BMI GWAS were substantially larger than this, we believe we
have sufﬁcient power to detect an association between polygenic proﬁle
scores and BMI/MDD in the current study. Five polygenic proﬁle scores
were created using SNPs associated with MDD or BMI with P-value
thresholds of 0.01, 0.05, 0.1, 0.5 and 1.
Statistical analysis
BMI, GHQ and neuroticism were transformed towards normality using the
Box–Cox transformation procedure implemented in the MASS package in
R.29 Continuous variables were scaled to have a mean of 0 and a s.d. of 1,
such that the reported regression coefﬁcients (beta) are standardized.
Mixed linear models implemented in the ASReml-R (www.vsni.co.uk/
software/asreml) software package were used to test the association
between polygenic proﬁle scores and BMI, GHQ, neuroticism and MDD.
Age, sex, four multidimensional scaling ancestry components and
polygenic proﬁle scores were ﬁxed effects. GS:SFHS is a family-based
study and to control for relatedness, family structure was ﬁtted as a
random effect by creating an inverse relationship matrix using pedigree
kinship information. Wald’s conditional F-test was used to calculate the
signiﬁcance of ﬁxed effects. To test the interaction of BMI polygenic proﬁle
scores with depression status/GHQ/neuroticism, an interaction term was
added to the model with BMI polygenic proﬁle scores and depression
status/GHQ/neuroticism also included as main effects. The P-values
presented are raw P-values uncorrected for multiple testing. False
discovery rate was implemented in the R package ‘fdrtools’ to estimate
the local false discovery rate. The false discovery rate threshold for
statistical signiﬁcance was estimated to be 0.009.
RESULTS
The number of individuals in the current study with a lifetime
diagnosis of MDD was 2030, and 11 836 individuals were
identiﬁed as controls. In total, 431 individuals had a diagnosis of
current depression at the time of interview. Demographic
information is provided in Table 1. MDD cases were signiﬁcantly
younger, had signiﬁcantly higher GHQ scores, were more likely to
be female, had signiﬁcantly higher neuroticism scores and had
larger BMIs than controls. Polygenic risk scores for BMI and MDD
were available for 13 921 members of GS:SFHS. The Pearson’s
correlation between the BMI and MDD polygenic proﬁle scores in
6418 randomly selected unrelated individuals at the P⩽ 0.1
Table 1. Demographic characteristics of GS:SFHS individuals in the
current study
Total
(13 921)
Lifetime MDD
(2030)
Controls
(11 836)
Age (s.d.) 48.57 (15.07) 46.89 (12.97)a 48.88 (15.38)
Sex (% female) 59% 70.7%a 54.7%
BMI (s.d.) 26.87 (5.41) 27.61 (6.18)a 26.73 (5.26)
GHQ score (s.d.) 2.41 (4.06) 5.22 (6.21)a 1.91 (3.31)
Neuroticism (s.d.) 1.32 (0.77) 1.87 (0.61)a 1.23 (0.75)
Abbreviations: BMI, body mass index; GHQ, General Health Questionnaire;
GS:SFHS, Generation Scotland: the Scottish Family Health Study; MDD,
major depressive disorder. aSigniﬁcantly different from controls at
Po2 × 10−5.
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threshold was low and non-signiﬁcant (cor = 0.002, P= 0.8).
Unrelated individuals were used for estimating correlations
between polygenic proﬁle scores to avoid confounding due to
genetic similarity between family members.
BMI polygenic proﬁle scores
BMI polygenic proﬁle scores were signiﬁcantly associated with BMI
in GS:SFHS at all P-value thresholds (Table 2). Individuals carrying
more BMI-increasing alleles had a signiﬁcantly higher BMI. The
polygenic proﬁle score, which explained most of the phenotypic
variance in BMI, was at the Po0.01 threshold (β= 0.2,
P= 1.3 × 10−118) where 4.2% of variance was explained. BMI
polygenic proﬁle scores were not signiﬁcantly associated with
MDD or neuroticism (Table 2); however, an association with GHQ
scores was observed at all P-value thresholds. Individuals scoring
higher on the GHQ were found to carry more BMI-increasing
alleles. The variance in GHQ explained by the BMI polygenic
proﬁle scores was much lower than for BMI (0.1%) ((P⩽ 0.01)
β= 0.03, P= 0.0001) (Table 2). The association between GHQ scores
and BMI polygenic proﬁle scores was reanalysed after controlling
for BMI to determine whether the association could be explained
by overweight and obese individuals experiencing more psycho-
logical distress. At the P-value threshold ⩽ 0.01, there was a ~ 33%
reduction in the effect size but a nominally signiﬁcant association
remained (β= 0.02, P= 0.019, r2 = 0.0004).
MDD polygenic proﬁle scores
MDD proﬁle scores were signiﬁcantly associated with a lifetime
history of MDD in GS:SFHS for four of the ﬁve P-value thresholds,
and the greatest amount of variance was explained using a P-
value threshold of P⩽ 0.1 (β= 0.01, P= 0.0001, r2 = 0.001)
(Supplementary Table 1). The only MDD polygenic proﬁle score
associated with BMI was the score containing SNPs associated
with MDD at a P-value threshold ⩽ 0.01 (β= 0.02, Pe = 0.011,
r2 = 0.0004), but this was not signiﬁcant after correction for
multiple testing. Robust associations between MDD polygenic
proﬁle scores and GHQ were found at each P-value threshold, and
the score explaining the greatest amount of variance was at the
P⩽ 0.05 threshold (β= 0.04, P= 9× 10−6, r2 = 0.002). At this thresh-
old, individuals carrying more MDD risk alleles had more current
psychological distress measured using the GHQ (Supplementary
Table 1). Positive associations between MDD polygenic proﬁle
scores and neuroticism were also found at each P-value threshold,
and the greatest amount of variance explained was at the P⩽ 1
threshold (β= 0.04, P= 0.0001, r2 = 0.001). Individuals who have
higher neuroticism scores carry more MDD risk alleles.
The association between polygenic risk for MDD and BMI was
tested in MDD cases only (N= 2030). No signiﬁcant associations
were found (data not shown).
Interaction between BMI polygenic proﬁle score and MDD/GHQ/
neuroticism
A signiﬁcant interaction between BMI polygenic proﬁle scores and
MDD status was found at the P-value threshold ⩽ 0.1 in relation to
BMI (β= 0.064, P= 0.0032) (Table 3). Figure 1 illustrates the
relationship between BMI polygenic proﬁle scores and BMI in
MDD cases and controls. The effect of BMI polygenic proﬁle scores
on BMI is greater in individuals with MDD (MDD cases β= 0.265 vs
controls β= 0.188). Figure 2 shows the amount of variance
explained by BMI polygenic proﬁle scores in MDD cases, controls
and the total sample. At a P-value threshold of P ⩽ 0.1, BMI
polygenic proﬁle scores explain 6.5% of the variance in BMI
among MDD cases in comparison with 3.7% of the variance in
controls. The interaction term was not signiﬁcant at the P-value
thresholds other than P ⩽ 0.1, but the direction of effect was
consistent across all ﬁve scores.
A signiﬁcant interaction between BMI polygenic proﬁle scores
and GHQ was also observed in relation to BMI, and this was
signiﬁcant for all ﬁve polygenic proﬁle scores (Table 3). The
greatest effect was seen using all SNPs (P⩽ 1) (β= 0.027,
P= 0.0005). The interaction-term effect was in the same direction
as for MDD: the effect of carrying more BMI-increasing alleles on
Table 2. Association between BMI polygenic proﬁle scores and BMI, MDD status and GHQ at ﬁve different P-value threshold cutoffs
BMI PGRS threshold BMI MDD GHQ Neuroticism
β r2 P-value β r2 P-value β r2 P-value β r2 P-value
P⩽ 0.01 0.17 0.034 1.0 ×10−93 0.001 0 0.71 0.029 0.0009 0.0009 − 0.009 0 0.29
P⩽ 0.05 0.198 0.041 7.2 ×10−117 0.002 0 0.58 0.031 0.0009 0.0004 − 0.001 0 0.91
P⩽ 0.1 0.2 0.042 1.3 ×10−118 0.004 0.0001 0.15 0.034 0.001 0.0001 0.004 0 0.66
P⩽ 0.5 0.197 0.041 7.6 ×10−115 0.003 0 0.38 0.032 0.001 0.0002 0.0005 0 0.96
P⩽ 1 0.18 0.035 2.6 ×10−100 0.002 0 0.45 0.026 0.0006 0.0027 − 0.004 0 0.66
Abbreviations: BMI, body mass index; FDR, false discovery rate; GHQ, General Health Questionnaire; MDD, major depressive disorder; MDS, multidimensional
scaling; PGRS, polygenic risk score. Covariates include age, sex and four MDS components. Bolded P-values are signiﬁcant after FDR correction.
Table 3. Interaction between BMI polygenic proﬁle scores with MDD status, neuroticism and GHQ at ﬁve different P-value threshold cutoffs
BMI PGRS
threshold
MDD× PGRS β
(s.e.)
MDD× PGRS
P-value
Cur. DEP× PGRS β
(s.e.)
Cur.
DEP× PGRS
P-value
GHQ× PGRS β
(s.e.)
GHQ× PGRS
P-value
Neurot× PGRS β
(s.e.)
Neurot× PGRS
P-value
P⩽ 0.01 0.027 (0.02) 0.21 0.090 (0.04) 0.031 0.021 (0.008) 0.009 0.014 (0.008) 0.079
P⩽ 0.05 0.041 (0.02) 0.056 0.090 (0.04) 0.040 0.022 (0.008) 0.005 0.023 (0.008) 0.004
P⩽ 0.1 0.064 (0.02) 0.0003 0.085 (0.04) 0.051 0.023 (0.008) 0.004 0.023 (0.008) 0.003
P⩽ 0.5 0.037 (0.02) 0.086 0.018 (0.05) 0.68 0.024 (0.008) 0.002 0.018 (0.008) 0.020
P⩽ 1 0.021 (0.02) 0.33 −0.003 (0.04) 0.94 0.027 (0.008) 0.0005 0.016 (0.008) 0.048
Abbreviations: BMI, body mass index; Cur.Dep, current depression; FDR, false discovery rate; GHQ, General Health Questionnaire; MDD, major depressive
disorder; PGRS, polygenic risk score. In each case the dependent variable is BMI. Bolded P-values are signiﬁcant after FDR correction.
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BMI is greater in individuals experiencing greater levels of current
psychological distress. To demonstrate this, the relationship
between BMI and BMI polygenic proﬁle score was tested in each
quartile of the GHQ score (Supplementary Figure 1). Similarly, a
signiﬁcant interaction between BMI polygenic proﬁle scores and
neuroticism scores was found when BMI was the dependent
variable. The largest effect size for the interaction was observed at
the P-value threshold of P⩽ 0.1 (β= 0.023, P= 0.003).
To test whether the effect of MDD on BMI polygenic risk was
due to current depression/mood rather than lifetime MDD status,
an interaction between current depression (N= 431) and poly-
genic risk for BMI was tested (Table 3). Nominally signiﬁcant
associations were observed at two from ﬁve P-value thresholds,
but these did not withstand correction for multiple testing.
DISCUSSION
There is little evidence for genetic overlap between BMI and MDD
in this large population-based cohort using a polygenic proﬁle
score approach. BMI polygenic proﬁle scores for BMI were not
associated with a lifetime history of MDD in GS:SFHS, and
polygenic risk for MDD was not associated with BMI. BMI
polygenic proﬁle scores and GHQ scores were positively
associated, suggesting some genetic overlap between obesity
and current psychological distress. MDD status was found to
amplify the effect of BMI polygenic proﬁle scores on BMI. BMI-
increasing alleles have a stronger effect on BMI in depressed
individuals. A similar relationship was observed with GHQ and
neuroticism. GHQ and neuroticism scores were found to moderate
the effect of BMI polygenic proﬁle scores on BMI.
Previous studies have found genetic variants in the FTO gene to
be associated with MDD.7,8 Using an aggregate score of all genetic
variants associated with BMI, we ﬁnd no association with MDD
status. The genetic overlap between MDD and BMI may be
restricted to the FTO gene, or as suggested by Milaneschi et al.,8
BMI risk variants may only be relevant for atypical depression. We
do ﬁnd modest genetic overlap between BMI and GHQ scores, as
individuals with higher GHQ scores were found to carry more
Figure 1. Relationship between BMI polygenic proﬁle scores and measured BMI in Generation Scotland: the Scottish Family Health Study. Bars
represent the total sample, cases or controls at each polygenic proﬁle score P-value threshold cutoff. The y axis represents the standardized
beta for the association between BMI polygenic proﬁle score and BMI, error bars represent s.e. BMI, body mass index; GS:SFHS, Generation
Scotland: the Scottish Family Health Study; MDD, major depressive disorder; PGRS, polygenic risk score.
Figure 2. Proportion of variance in BMI explained by BMI polygenic proﬁle scores at ﬁve different thresholds in GS:SFHS (14 k). DEP= 2030
MDD cases, CONS= 11 836 controls, TOTAL= 13 921 of total sample. All associations signiﬁcant at P⩽ 3.2 × 10− 19. BMI, body mass index;
DEP, major depressive disorder; GS:SFHS, Generation Scotland: the Scottish Family Health Study; PGRS, polygenic risk score.
MDD ampliﬁes the effect of genetic risk for obesity
T-K Clarke et al
4
Translational Psychiatry (2015), 1 – 6
BMI-increasing alleles. One explanation for this is that BMI-
increasing genetic variants increase risk for current psychological
distress but not lifetime MDD. Alternatively, there may be genetic
overlap between BMI and MDD, but we have greater power to
detect an association with GHQ scores due to the trait being
continuous versus binary. High GHQ scores have previously been
found to be associated with obesity,30,31 and it has been
suggested that obesity increases the risk for common mental
disorders as indexed by the GHQ.32 We also ﬁnd no association
between BMI polygenic proﬁle scores and neuroticism, further
suggesting that it is current psychological distress (measured
using the GHQ) rather than a tendency to lower mood that
overlaps with polygenic risk for BMI.
A recent study of SNPs across the FTO gene found that
depressive status moderated the association with BMI in 10 of the
SNPs studied. They found a signiﬁcant association between FTO
variants and BMI in depression cases, but not controls in two
independent samples.9 In support of this, we ﬁnd that BMI
polygenic proﬁle scores are more strongly associated with and
explain more of the variance in BMI in depressed individuals
compared with controls. This was also found in relation to GHQ
and neuroticism. GHQ and neuroticism moderated the effect of
BMI polygenic proﬁle scores on BMI. Therefore, the effect of
depression status on BMI-increasing alleles is not restricted to the
FTO gene, but is observed across the spectrum of polygenic
variation associated with BMI.
Psychological distress and depression are associated with
disordered eating.33 In individuals at high genetic risk for obesity,
the presence of mood disorders may have a greater impact on
weight gain than those at low genetic risk. Cortisol levels are often
increased in depressed individuals or those who have experienced
stress. Elevated cortisol increases insulin secretion, which in turn
promotes the accumulation of abdominal fat.34 Longitudinal
studies have shown that baseline depression is associated with
increased abdominal and visceral fat 5 years later.35 A recent study
of 58 healthy women assessed for depression and previous-day
stress were given two high-fat meals and found those who
experienced the most stressors had the lowest postprandial
resting energy expenditure.36 We ﬁnd that in individuals with
MDD or high GHQ scores, the effect of BMI-increasing alleles on
BMI is increased. Further work is needed to understand the
biological mechanisms that cause mood to inﬂuence BMI.
However, these data suggest that increased BMI may be a
response to endocrine ﬂuctuations stimulated by current mood or
lifetime depression, which then interacts with a genetic propensity
to obesity.
There are a number of limitations to this study. The number of
individuals in the reference MDD GWAS, which was used to create
the polygenic risk scores, was low compared with the BMI GWAS
(18 759 vs 123 865 total sample: 0 GWAS signiﬁcant hits vs 19
GWAS signiﬁcant hits). The power to detect association between
the two disorders is biased towards the BMI polygenic proﬁle
scores. BMI polygenic proﬁle scores are able to explain 4% of the
variance in BMI, whereas MDD polygenic proﬁle scores explain
only 0.1% of the variance in MDD. We may have detected genetic
overlap between BMI and MDD if the original GWAS for MDD were
larger. Despite seeing a greater effect of BMI polygenic proﬁle
scores among depressed individuals, the amount of variance they
explain is low, only 6.5% in this population. Another limitation is
that previous studies have shown that the effect of BMI-increasing
risk alleles is differential across MDD subtypes,8 and that atypical
depression has a greater overlap with BMI. Atypical depression is
characterized by hypersomnia and increased appetite and these
cases typically present with a higher BMI than controls. In the
present study, we did not restrict our analyses to obese or atypical
cases as we chose to maximise our power to detect association in
the available sample. Future studies including larger case–control
samples would beneﬁt from considering atypical depression
status, although we note that the evidence suggesting that this
is a valid and clinically useful stratiﬁcation of depression is
inconclusive.
Depression accounts for 8.2% of years lost to disability
worldwide each year.1 Much of this disability is due to co-
morbid physical conditions, which are partially explained by
increased rates of overweight and obesity.2 We ﬁnd that among
individuals displaying current psychological distress or who have a
lifetime diagnosis of MDD, BMI-increasing alleles have a stronger
effect on BMI. Future studies replicating this ﬁnding are needed to
conﬁrm their signiﬁcance, although this is the second study to
show that MDD ampliﬁes the effect of BMI-related genetic
variants. By understanding the relationship between MDD and
obesity we can better understand their mechanisms and develop
interventions to reduce their considerable burden on those
affected.
CONFLICT OF INTEREST
AMM has received ﬁnancial support from Pﬁzer (formerly Wyeth), Janssen and Lilly.
AMM has done consultancy work for Roche Pharmaceuticals. LJH has received
ﬁnancial support from Pﬁzer for work unrelated to the present study. The remaining
authors declare no conﬂict of interest.
ACKNOWLEDGMENTS
We are grateful to the families who took part in GS:SFHS, the GPs and Scottish School
of Primary Care for their help in recruiting them, and the whole GS team, which
includes academic researchers, clinic staff, laboratory technicians, clerical workers, IT
staff, statisticians and research managers. This work is supported by the Wellcome
Trust through a Strategic Award, reference 104036/Z/14/Z. The Chief Scientist Ofﬁce
of the Scottish Government and the Scottish Funding Council provided core support
for Generation Scotland. GS:SFHS was funded by a grant from the Scottish
Government Health Department, Chief Scientist Ofﬁce, number CZD/16/6. We
acknowledge with gratitude the ﬁnancial support received for this work from the Dr
Mortimer and Theresa Sackler Foundation. PT, DJP, IJD and AMM are members of The
University of Edinburgh Centre for Cognitive Ageing and Cognitive Epidemiology,
part of the cross council Lifelong Health and Wellbeing Initiative (MR/K026992/1).
Funding from the Biotechnology and Biological Sciences Research Council and
Medical Research Council is gratefully acknowledged. DJM is an NRS Career Fellow,
funded by the CSO.
REFERENCES
1 Ferrari AJ, Charlson FJ, Norman RE, Patten SB, Freedman G, Murray CJ et al. Burden
of depressive disorders by country, sex, age, and year: ﬁndings from the global
burden of disease study 2010. PLoS Med 2013; 10: e1001547.
2 Farmer A, Korszun A, Owen MJ, Craddock N, Jones L, Jones I et al. Medical
disorders in people with recurrent depression. Br J Psychiatry 2008; 192: 351–355.
3 Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BW et al.
Overweight, obesity, and depression: a systematic review and meta-analysis of
longitudinal studies. Arch Gen Psychiatry 67: 220–229.
4 Levitan RD, Davis C, Kaplan AS, Arenovich T, Phillips DI, Ravindran AV. Obesity
comorbidity in unipolar major depressive disorder: reﬁning the core phenotype.
J Clin Psychiatry 73: 1119–1124.
5 Onyike CU, Crum RM, Lee HB, Lyketsos CG, Eaton WW. Is obesity associated with
major depression? Results from the Third National Health and Nutrition
Examination Survey. Am J Epidemiol 2003; 158: 1139–1147.
6 Speliotes EK, Willer CJ, Berndt SI, Monda KL, Thorleifsson G, Jackson AU et al.
Association analyses of 249,796 individuals reveal 18 new loci associated with
body mass index. Nat Genet 42: 937–948.
7 Samaan Z, Anand SS, Zhang X, Desai D, Rivera M, Pare G et al. The protective
effect of the obesity-associated rs9939609 A variant in fat mass- and obesity-
associated gene on depression. Mol Psychiatry 18: 1281–1286.
8 Milaneschi Y, Lamers F, Mbarek H, Hottenga JJ, Boomsma DI, Penninx BW. The
effect of FTO rs9939609 on major depression differs across MDD subtypes. Mol
Psychiatry 19: 960–962.
9 Rivera M, Cohen-Woods S, Kapur K, Breen G, Ng MY, Butler AW et al. Depressive
disorder moderates the effect of the FTO gene on body mass index. Mol
Psychiatry 17: 604–611.
10 Maes HH, Neale MC, Eaves LJ. Genetic and environmental factors in relative body
weight and human adiposity. Behav Genet 1997; 27: 325–351.
MDD ampliﬁes the effect of genetic risk for obesity
T-K Clarke et al
5
Translational Psychiatry (2015), 1 – 6
11 Stunkard AJ, Sorensen TI, Hanis C, Teasdale TW, Chakraborty R, Schull WJ et al. An
adoption study of human obesity. N Engl J Med 1986; 314: 193–198.
12 Sullivan PF, Neale MC, Kendler KS. Genetic epidemiology of major depression:
review and meta-analysis. Am J Psychiatry 2000; 157: 1552–1562.
13 Lee SH, Ripke S, Neale BM, Faraone SV, Purcell SM, Perlis RH et al. Genetic rela-
tionship between ﬁve psychiatric disorders estimated from genome-wide SNPs.
Nat Genet 45: 984–994.
14 Afari N, Noonan C, Goldberg J, Roy-Byrne P, Schur E, Golnari G et al. Depression and
obesity: do shared genes explain the relationship? Depress Anxiety 2010; 27: 799–806.
15 Purcell SM, Wray NR, Stone JL, Visscher PM, O'Donovan MC, Sullivan PF et al.
Common polygenic variation contributes to risk of schizophrenia and bipolar
disorder. Nature 2009; 460: 748–752.
16 Smith BH, Campbell A, Linksted P, Fitzpatrick B, Jackson C, Kerr SM et al. Cohort
Proﬁle: Generation Scotland: Scottish Family Health Study (GS:SFHS). The study, its
participants and their potential for genetic research on health and illness. Int J
Epidemiol 42: 689–700.
17 Smith BH, Campbell H, Blackwood D, Connell J, Connor M, Deary IJ et al. Gen-
eration Scotland: the Scottish Family Health Study; a new resource for researching
genes and heritability. BMC Med Genet 2006; 7: 74.
18 Goldberg DP, Hillier VF. A scaled version of the General Health Questionnaire.
Psychol Med 1979; 9: 139–145.
19 Eysenck S, Eysenck H, Barrett P. A revised version of the psychotocism scale.
Personality and Individual Differences 1985; 6: 21–29.
20 Hall LS, Clarke TK, Fernandez-Pujals AM, Zeng Y-N, Thomson P, Hayward C et al.
Identifying endophenotypes for depression in Generation Scotland: The Scottish
Family Health Study. Unpublished 2014.
21 Hirschfeld RM, Klerman GL, Lavori P, Keller MB, Grifﬁth P, Coryell W. Premorbid
personality assessments of ﬁrst onset of major depression. Arch Gen Psychiatry
1989; 46: 345–350.
22 Krueger RF, Caspi A, Mofﬁtt TE, Silva PA, McGee R. Personality traits are differ-
entially linked to mental disorders: a multitrait-multidiagnosis study of an ado-
lescent birth cohort. J Abnorm Psychol 1996; 105: 299–312.
23 First M, Spitzer R, Gibbon M, Williams J. Structured Clinical Interview for DSM-IV Axis
I Disorders, Clinician Version (SCID-CV). Washington, DC, USA: American Psychiatric
Publishing, Inc., 1997.
24 Gunderson KL. Whole-genome genotyping on bead arrays.Methods Mol Biol 2009;
529: 197–213.
25 The Enhancing Neuroimaging Genetics through Meta Analysis (ENIGMA) Consortium:
ENIGMA2 Genetics Support Team. ENIGMA2 1KGP Cookbook (v3) [Online]. 2013.
26 Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D et al. PLINK: a
tool set for whole-genome association and population-based linkage analyses.
Am J Hum Genet 2007; 81: 559–575.
27 Ripke S, Wray NR, Lewis CM, Hamilton SP, Weissman MM, Breen G et al. A mega-
analysis of genome-wide association studies for major depressive disorder. Mol
Psychiatry 18: 497–511.
28 Dudbridge F. Power and predictive accuracy of polygenic risk scores. PLoS Genet
9: e1003348.
29 Venables WN Ripley BD. Modern Applied Statistics with S. 4th edn. New York, NY,
USA: Springer, 2002.
30 Kivimaki M, Batty GD, Singh-Manoux A, Nabi H, Sabia S, Tabak AG et al. Asso-
ciation between common mental disorder and obesity over the adult life course.
Br J Psychiatry 2009; 195: 149–155.
31 Ul-Haq Z, Mackay DF, Fenwick E, Pell JP. Association between body mass index
and mental health among Scottish adult population: a cross-sectional study of
37272 participants. Psychol Med 1–10.
32 Kivimaki M, Lawlor DA, Singh-Manoux A, Batty GD, Ferrie JE, Shipley MJ et al.
Common mental disorder and obesity: insight from four repeat measures over 19
years: prospective Whitehall II cohort study. BMJ 2009; 339: b3765.
33 Dallman MF, Pecoraro N, Akana SF, La Fleur SE, Gomez F, Houshyar H et al.
Chronic stress and obesity: a new view of "comfort food". Proc Natl Acad Sci USA
2003; 100: 11696–11701.
34 Dallman MF. Stress-induced obesity and the emotional nervous system. Trends
Endocrinol Metab 2010; 21: 159–165.
35 Vogelzangs N, Kritchevsky SB, Beekman AT, Newman AB, Satterﬁeld S, Simonsick
EM et al. Depressive symptoms and change in abdominal obesity in older per-
sons. Arch Gen Psychiatry 2008; 65: 1386–1393.
36 Kiecolt-Glaser JK, Habash DL, Fagundes CP, Andridge R, Peng J, Malarkey WB et al.
Daily stressors, past depression, and metabolic responses to high-fat meals: a
novel path to obesity. Biol Psychiatry 2014; 77: 653–660.
This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/
Supplementary Information accompanies the paper on the Translational Psychiatry website (http://www.nature.com/tp)
MDD ampliﬁes the effect of genetic risk for obesity
T-K Clarke et al
6
Translational Psychiatry (2015), 1 – 6
